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Ships’ sea-chests: an overlooked transfer mechanism
for non-indigenous marine species?
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Historically, hull fouling associated with slow-
moving, wooden-hulled vessels has been recognized as
the primary transport mechanism responsible for the
dispersal of non-indigenous marine species (NIMS)
around the world and the fouling of hulls may have
contributed significantly to the current patterns of bi-
ogeographic distributions of many marine organisms
(e.g., Carlton and Hodder, 1995). Over the past three
decades however, ballast water has been identified as the
primary causal mechanism and has been the focus of
international concern (e.g. Carlton, 1985; Thresher,
1999; Eldredge and Carlton, 2002). Recent studies (e.g.,
Cranfield et al., 1998; Thresher et al., 1999; Hewitt,
2002; Gollasch, 2002) suggest that the attachment of
organisms on the hulls of vessels remains a significant
vector in modern times, possibly equal to ballast water,
although further conclusive evidence is required. Cur-
rently, there is no concerted effort to evaluate the rela-
tive importance of these disparate mechanisms in the
transfer of NIMS to new locations.

The discussion of transfer mechanisms has identified
that numerous locations within and on a vessel may
afford distinct environments (e.g., Rainer, 1995; Carl-
ton, 1996; Coutts, 1999). Carlton et al. (1995) discussed
sea-chests (sea inlet boxes, or suction bays) as environ-
ments linked with hull fouling assemblages. Similarly,
Gollasch (2002) has discussed the role of sea-chests in
the transport of fouling organisms. Sea-chests provide a
unique part of the vessel for the transport of marine
organisms, dissimilar to ballast water and the exposed
surface of the hull.
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Sea-chests are recesses built into a ships hull located
beneath the waterline on the side and/or on the bottom
near the engine room. They are designed to reduce water
cavitation, and thus increase pumping efficiency when
seawater is pumped aboard the vessel for engine cooling,
ballast, and fire fighting purposes. The size, number and
dimensions of sea-chests vary considerably with vessel
size and type. As a general rule, the larger the vessel, thus
increasing demand for ballast water, the greater the size
and number of sea-chests. Sea-chests are protected by
metal grates, which have holes (15-25 mm in diameter)
or slots (20-35 mm width) to prevent foreign matter
entering and damaging the ships pumps. These grates are
held in place by a number of bolts, and therefore sea-
chests are usually only accessible during dry-docking.

In order to ascertain the extent to which sea-chests
provide a unique habitat and contribute to the transport
of NIMS, we undertook a preliminary investigation of
the passenger ferry Spirit of Tasmania, which operates
in southeastern Australia. The hull of the Spirit of
Tasmania was surveyed for fouling at the Australian
Defence Industries Limited dry-dock at Garden Island,
Sydney, on 15 July, 1997. Fouling organisms were col-
lected from various locations of the hull, including in-
side sea-chests using a paint scrapper and pre-labeled
plastic bags and preserved in a 5% formalin and seawater
mix. Specimens were later identified at CSIRO, Centre
for Research on Introduced Marine Pests (CRIMP),
Hobart, Tasmania.

The Spirit of Tasmania has three sea-chests located on
the flat bottom (one on the port side and two on the
starboard side). Each sea-chest is approximately 2 m
high by 3 m wide, and covered by grates with approxi-
mately 20 mm holes. Sea-chests were accessed via a
ladder and representative samples of fouling organisms
collected and preserved.

The Spirit of Tasmania is a 14,129 dead weight tonnes
(DWT) passenger and roll-on roll-off freight ferry,
which travels between Devonport, Tasmania and Mel-
bourne, Victoria, every two days. Thus, the vessel
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spends approximately 10 h a day (42%) in port and the
remaining 14 h (58%) cruising between ports at an av-
erage speed of 18 knots. The vessel had been previously
dry-docked in August 1995 at Forgacs floating dry-
dock, Newcastle, New South Wales, and her hull coated
with a tributyltin (TBT) self-polishing copolymer (SPC)
anti-fouling paint (Internationals “Interswift” BKA007/
8). No underwater scrubbing had been employed be-
tween successive dry-dockings.

Inspection of the hull revealed that the majority of the
submerged area was relatively clean, while large accu-
mulations of macro-fouling (the cryptogenic blue mussel
Mpytilus edulis, the introduced bryozoan Watersipora
subtorquata, the native barnacles Elminius modestus and
Balanus variegatus v. cirratus, the cryptogenic serpulid
polychaete Hydroides norvegica and the native solitary
ascidian Pyura stolonifera) were found in areas pro-
tected from strong laminar water flows (e.g. bow thrust-
ers, undersides of bilge keels, inside ballast tank drain
holes, and sea-chests) or areas lacking anti-fouling paint
(e.g. docking blocks).

The entrances of intake pipes within sea-chests were
dominated by large clumps of M. edulis, H. norvegica,
and the hydroid Ectopleura sp., with accompanying
epifauna consisting of barnacles E. modestus and B.
variegatus v. cirratus, the erect bryozoans Bugula spp.,
and crustaceans Halicarcinus sp. and Caprellid sp. A
number of large polychaetes (Onuphidae) (n > 20 indi-
viduals), the introduced European clam, Corbula gibba
(>50) and three introduced adult European green crabs,
Carcinus maenas were found in amongst mud in the
bottom of the sea-chests. One C. maenas was found in
each sea-chest, comprising one male and two ovigerous
females. Specimens of C. gibba measured approximately
13.5 mm (shell length) and the C. maenas measured
approximately 80 mm (carapace width).

Even though the Spirit of Tasmania is in constant
trade, is relatively fast and is coated with a relatively
effective anti-fouling paint, areas protected from strong
laminar water flows were capable of harboring bio-
logically significant accumulations of macro-fouling.
Moreover, sea-chests provided a unique environment
for a number of NIMS including two recognized Aus-
tralian pest species; C. gibba and C. maenas, which were
absent in other locations on the hull. The water flow
within areas protected from strong laminar water flows
is often inadequate for SPC anti-fouling paints to work
effectively; therefore fouling organisms are able to col-
onise these areas and reach sexual maturity, which
would not normally occur on the “mainstream’ areas of
the hull (Lewis, 2002).

C. gibba is native to the eastern Atlantic and the
Mediterranean and was first detected in Port Phillip Bay
in 1991 (Currie and Parry, 1996). Port Phillip Bay was
probably the source of recent translocations of this spe-
cies to Portland, Victoria (Parry et al., 1997) and Dev-

onport, Tasmania (Martin et al., 1996). Ballast water has
been believed responsible for the introduction of this
species to Australia (Boyd, 1999). Considering sea-chest
gratings on most vessels usually exceed 15 mm and C.
gibba grows to a maximum of about 15 mm in shell
length (Currie et al., 1999), the ballast pumps of vessels
containing bottom-facing sea-chests, such as the Spirit of
Tasmania, are easily capable of vacuuming adult speci-
mens of the species from the seabed during ballasting at
low tides. More importantly, the species has the ability to
escape from sea-chests and thus these structures may be
responsible for the translocation of adult populations.

C. maenas is native to Europe and is now present
throughout most parts of Victoria and Tasmania (Fur-
lani, 1996). It was first recorded in Australia at the turn
of the century in Port Phillip Bay (Fulton and Grant,
1900), although the species was probably introduced
by wooden sailing ships servicing the gold rushes of
the 1850s (Thresher et al., 1999). It likely survived the
voyage by living deep inside old shipworm burrows
(Chilton, 1911; Walters, 1996). Sea-chests could be
considered the modern day counterpart of shipworm
burrows in that they offer a similarly protected envi-
ronment (Carlton et al., 1995).

The C. maenas adults found in the sea-chest of the
Spirit of Tasmania undoubtedly entered the sea-chests as
juveniles. They subsequently grew to a size sufficient to
make escape impossible, possibly after feeding on resi-
dent bivalves, isopods, and barnacles. Although the crabs
were too large to escape through the sea-chest gratings,
two females were ovigerous, indicating that they were
capable of releasing viable zoea. Like all brachyuran
crabs, female C. maenas have a special pouch-like struc-
ture enabling them to retain viable sperm for up to a year
and spawn fertile egg masses several times from a single
mating (Hedgpeth, 1993). Hence, sea-chests are a po-
tential dispersal mechanism for this species.

Other NIMS may have been introduced to Australia,
or translocated within Australia via sea-chests. A third
pest species in Australia, the northern Pacific seastar,
Asterias amurensis has been detected in sea-chests and
may have been translocated to Port Phillip Bay by ves-
sels trading between Hobart and Geelong (K. Murphy
pers comm.). Similarly, the gobiid fishes Acanthogobis
favimanus, A. pflaumi, and Tridentiger trogonocephalus
may have been introduced and spread via eggs spawned
inside sea-chests in Australia (Hoese, 1973; Lockett and
Gomon, 1999) and New Zealand (Walsh et al., 2003).

Sea-chests of international cruise liners in particular
should be considered a serious biosecurity risk due to
the potential transfer of NIMS to highly sensitive ma-
rine environments. Such vessels visit pristine locales
such as world heritage sites and transit ports all over the
globe. Furthermore, given the adoption of the Inter-
national Convention on the Control of Harmful Anti-
fouling Systems on Ships (2001) which bans the use of
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TBT anti-fouling paints on all vessels by 1 January 2008
in the absence of environmentally effective alternatives,
the biosecurity risks of sea-chests are likely to increase.

To this end, since 1999, Cawthron Institute, New
Zealand, have been sampling the sea-chests of vessels
(500-6000 DWT) slipped and dry-docked in Nelson,
Lyttelton and Auckland, New Zealand to determine the
range of organisms being carried in sea-chests. Caw-
thron Institute and Pacifica Shipping (1985) Limited are
also investigating methods of reducing the infestation of
fouling in sea-chests, including an assessment of the ef-
ficacy of impressed current cathodic protection systems
on three of Pacificas New Zealand coastal vessels.
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Marine debris ingestion by Southern Giant Petrels and its
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The quantity of litter in the worlds oceans has been
steadily increasing over the years. Within the Southern
Ocean, the amount of debris increased 100-fold during
the early 1990s (Barnes, 2002) and fisheries appear to be
the greatest single source (Burton and Riddle, 2001).
The composition of floating debris has become domi-
nated by anthropogenic plastics and polystyrenes, met-
als and glass (Burton and Riddle, 2001).

Seabirds ingest floating plastics and other foreign
matter while feeding on the surface of the ocean (Ryan,
1987). The prevalence of plastic ingestion by seabirds
has increased and is well documented in many families
of Procellariiformes (Bourne and Imber, 1982; Ryan
et al., 1988; Kinan and Cousins, 2000). The Southern
Giant Petrel (Macronectes giganteus) is a wide ranging
procellariform which breeds in the coasts of Patagonia
and forages throughout the Argentine continental shelf
(Quintana and Dell Arciprete, 2002), and which often
interacts with fisheries activities. Little is known about
their diet and their extent of marine debris ingestion. To
date, there is only one published reference of ingestion
of marine debris by Southern Giant Petrel from Marion
island at the Subantarctic Ocean (Nel and Nel, 1999).
Here we evaluate the presence of marine debris in the
diet of Southern Giant Petrels chicks at a colony on the
Patagonian coast.

The study was conducted at Isla Arce (45°00'S,
65°50'W) on the Patagonian shelf, Argentina, in the
South Atlantic Ocean, where about 350-400 Southern
Giant Petrels breed annually (Yorio et al., 1998). As
part of a wider study concerning the foraging ecology of
Southern Giant Petrel, between 29 January and 4 April
2002 a total of 73 food samples were taken from 73
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randomly selected chicks. Samples were obtained by
upending chicks over a bucket plastic and massaging the
stomach and throat. The sample was strained, the liquid
drained off and all the samples preserved in 70% alcohol
for later analysis. In the laboratory, each sample was
thawed and drained, the remaining solid components
were removed, and the presence and absence of different
marine debris items computed. The litter were catego-
rized as plastic (including plastics bags, caps, etc), plastic
lines, vegetables (including peel of onions, potatoes,
corncob), aluminum foil, paper, wood and others (in-
cluding rubber foam, wire, rope and styrofoam). Each
item was weighed to the nearest 0.01 mg using a digital
balance. Frequency of occurrence (FO) refers to the
number of samples in which a particular item appeared.

Seventy three percent of food samples (n = 73) con-
tained marine debris. Plastics were by far the most fre-
quent item (FO = 66%), followed by plastic line (36%)
and vegetables (34%). Other items such as aluminum
foil, wood, paper and others were less frequent (less than
15%) (Cochrans test Q = 1299, df = 9, p < 0.0001)
(Fig. 1). We extracted a total of 70.1 g of debris from the
chicks stomachs, composed by 37.0 g of plastics, 11.8 g
of paper, 10.1 g of vegetables and 5.4 g of aluminum
foil. The lightest items were wood, plastic lines and
others items (all less than 1 g). The average weight of
litter in each sample was 2.0+3.4 g (n = 73).

The results indicate a high proportion of marine de-
bris in the diet of Southern Giant Petrels from Isla Arce,
plastics being the most frequent items. The literature on
marine debris leaves no doubt that plastics make-up
most of the marine litter worldwide, ranging between 60
and 80% of the total waste disposal at sea (Derraik,
2002). Although there have been several studies on the
diet of Macronectes spp. in Subantarctic colonies (e.g.
Hunter, 1983; Hunter and Brooke, 1992; Ridoux, 1994),
the occurrence of marine debris has not been previously



